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ABSTRACT.:RPPHUVRPDQG7LHQHQTXDUW]LWHDUHIRXQGDVYDULHWLHVRIOLWKL¿HGDUHQLWHEDQNVZLWKLQWKH&HQR]RLF7LHQHQ)RUPDWLRQ
7KHVHPDFURVFRSLFDOO\GLVWLQFWYDULHWLHVZHUHXWLOL]HGDVUDZPDWHULDO IRUVWRQH WRROSURGXFWLRQGXULQJ WKH0HVROLWKLFSHULRGLQ WKH
5KLQH0HXVH6FKHOGWDUHDRIQRUWKZHVW(XURSH7KH\ZHUHGLVWULEXWHGRYHUNP2 EHWZHHQWKH3DULVDQG1RUWK6HDEDVLQVIRURYHU
IRXUPLOOHQQLD7KLVGLVWULEXWLRQKDVEHHQLQWHUSUHWHGE\DUFKDHRORJLVWVDVDORQJGLVWDQFHH[FKDQJHQHWZRUN,QWKLVZRUNVDPSOHVIURP
ERWKRXWFURSVKDYHEHHQH[DPLQHGE\GLIIHUHQWFKDUDFWHUL]DWLRQPHWKRGVZLWKWKHDLPWRGHYHORSDQRSHUDWRULQGHSHQGHQWDQGREMHFWLYH
PHWKRGWRGHWHUPLQHWKHRULJLQRIDFHUWDLQDUWLIDFW
 3HWURJUDSKLFDOVWXG\UHYHDOHGDGLVWLQFWGLIIHUHQFHLQJUDLQVL]HRIERWKTXDUW]LWHV+RZHYHUFRQVLGHULQJWKHUHVXOWVRIWKH
SHWURJUDSKLFDODQDO\VHVLWLVFOHDUWKDWWKHUHLVDGLIIHUHQFHEHWZHHQWKHDFFHVVRU\PLQHUDOVWKDWDUHPRUHRUOHVVLUUHJXODUO\GLVWULEXWHG
LQWKHVDPSOHV &DWKRGROXPLQHVFHQFH&/UHYHDOHGDGGLWLRQDOO\LQIRUPDWLRQRQWKHSUHVHQFHRIIHOGVSDUVDQGIDFLOLWDWHGWKHUHFRJQLWLRQ
RIPLQHUDOVVXFKDVDSDWLWH]LUFRQVDQGN\DQLWH;UD\WRPRJUDSK\ZDVXVHGWRREWDLQLQDQRQGHVWUXFWLYHZD\DVWUXFWXUDORYHUYLHZ
RIWKHVDPSOHVDVZHOODVDGHWDLOHG'JUDLQVL]HGLVWULEXWLRQRIVRPHDFFHVVRU\PLQHUDOV7KHODWWHULVLPSRUWDQWJLYHQWKDWWKHVHQRQ
GHVWUXFWLYHWHFKQLTXHVFRXOGEHXVHGIRUVRXUFLQJRIRWKHUJHRORJLFDOPDWHULDODVZHOODVDUFKHRORJLFDODUWLIDFW
 7KLVZRUNLVD¿UVWVWHSLQWKHVRXUFLQJRIGLIIHUHQWTXDUW]LWHYDULHWLHVWRWKHLUGLIIHUHQWRXWFURSORFDWLRQVDQGWKHLUVSHFL¿F
IDFLHVZLWKLQWKHVDPHJHRORJLFDOIRUPDWLRQ+RZHYHUZKHQFKDUDFWHUL]LQJDUWHIDFWVIRUVRXUFLQJSXUSRVHVLWZLOOUHPDLQFUXFLDOWR
SURYLGHDWWHQWLRQWRZDUGVDSRVVLEOHOHYHORIKHWHURJHQHLW\LQVLGHWKHVHVDPSOHV,QRUGHUWRGRWKLVFRUUHFWO\EHVLGHVDFKDUDFWHUL]DWLRQ
RIWKHDUWHIDFWVWKHPVHOYHVDOVRDGHWDLOHGDQDO\VLVRIWKHHQWLUHJHRORJLFDOIRUPDWLRQLVQHHGHG
KEYWORDS:4XDUW]LWHDUWHIDFWV:RPPHUVRP7LHQHQPLFURVFRS\FROGFDWKRGROXPLQLVFHQFH;UD\FRPSXWHGWRPRJUDSK\
1. Introduction 
7KH0HVROLWKLF%3DUFKDHRORJLFDOUHFRUGIURPWKH
5KLQH0HXVH6FKHOGWDUHDRIQRUWKZHVW(XURSHKDV\LHOGHGWZR
GLIIHUHQWTXDUW]LWHYDULHWLHVGLVWULEXWHGRYHUDQDUHDRINP2 
EHWZHHQWKH3DULVDQG1RUWK6HDEDVLQV5RELQVRQHWDOLQSUHVV
7KHDUHDRI7LHQHQ LQFHQWUDO%HOJLXPKDVEHHQ WKHLUSURSRVHG
RULJLQRISURFXUHPHQWDQGWHPSRUDODQGVSDWLDOSDWWHUQVLQWKHLU
GLVWULEXWLRQKDYHOHGDUFKDHRORJLVWVWRLQWHUSUHWWKHPDVHYLGHQFH
RIORQJGLVWDQFHH[FKDQJHQHWZRUNVWKDWSOD\HGLPSRUWDQWUROHV
LQ0HVROLWKLFFXOWXUDOLGHQWLWLHV&URPEp'H3DHSH
*HQGHO+DPDO1DQGULQ3HUGDHQHWDO
7KHVHGLIIHUHQWYDULHWLHVKDYHEHHQODEHOOHGµ7LHQHQ¶DQG
µ:RPPHUVRP¶TXDUW]LWHRQWKHEDVLVRIPDFURVFRSLFDQDO\VHVE\
H[SHULHQFHGDUFKDHRORJLVWVDQGJHRORJLVWVEDVHGRQWH[WXUHJUDLQ
TXDOLW\HJµFRDUVH¶YHUVXVµ¿QH¶UHVSHFWLYHO\DQGFRORXU,WKDV
EHHQK\SRWKHVL]HGWKDWWKHVHWZRYDULHWLHVZHUHGLIIHUHQWIDFLHV
ZLWKLQWKHVDQGVRIWKH'RUPDDO0HPEHULQWKH7LHQHQ)RUPDWLRQ
/DQGHQ*URXS$FFRUGLQJWRWKHPRVWUHFHQWJHRORJLFPDSDQG
LWVOLWKRVWUDWLJUDSKLFXQLWV0DUpFKDO	/DJDWKH7LHQHQ
)RUPDWLRQLVD7KDQHWLDQXSSHU3DOHRFHQHFRQWLQHQWDOGHSRVLW
.DDUWEODG/HXYHQHTXLYDOHQWWRWKHFRQWLQHQWDOGHSRVLWVLQWKH
SURYLQFHRI+DLQDXWDQGQRUWKHUQ)UDQFH:LWK WKH ORZHULQJRI
WKHEDVHRIWKHLQWHUQDWLRQDO<SUHVLDQVWDJHIURPWKHEDVHRIWKH
0RQW+pULEX0HPEHULQ%HOJLXPWRWKHFDUERQLVRWRSHH[FXUVLRQ
OHYHO &,( UDWL¿HG  WKH7LHQHQ )RUPDWLRQ KDV DQ HDUO\
<SUHVLDQDJHDFFRUGLQJWR'H*H\WHUHWDO
 7KH 7LHQHQ )RUPDWLRQ LV D FRQWLQHQWDO GHSRVLW
FRQWDLQLQJFRDUVHVDQGDQGJUDYHOLQÀXYLDWLOHJXOOLHVOLJQLWHDQG
ZHOOVRUWHGVDQGV5HJLRQDOVLOLFL¿FDWLRQJDYHULVHWRDVWRQHEDQN
DQGDVVRFLDWHGOLWKL¿HGWUHHWUXQNV6WRQHSURGXFHGIURPWKLVVWRQH
EDQNLVFDOOHGµ5RPPHUVRPTXDUW]LWH¶RUµ7LHQHQTXDUW]LWH¶'H
*H\WHUPHQWLRQVWKDWWKH:RPPHUVRPTXDUW]LWHLVDORFDO
¿QHJUDLQHG IDFLHV IRXQG LQ:RPPHUVRP ZKLFK LV IUHTXHQWO\
XVHGDVDUWHIDFW)LJ
 4XDUW]LWH FDQ JHRORJLFDOO\ KDYH WZR IRUPV
RUWKRTXDUW]LWHVTXDUW]FHPHQWHGVHGLPHQWDU\TXDUW]JUDLQVDQG
PHWDTXDUW]LWHVUHFU\VWDOOLVHGJUDLQVZLWKPRVDLFWH[WXUH,QWKLV
FDVHZHDUHGHDOLQJZLWKTXDUW]DUHQLWHVRURUWKRTXDUW]LWHVZKLFK
XQGHUZHQWQRPHWDPRUSKLFDOWHUDWLRQ'UHHVHQDQG'XVDU
GHVFULEHWKH7LHQHQTXDUW]LWHDVD¿QHJUDLQHGDYHUDJHSDUWLFOH
VL]HEHWZHHQPPDQGPPTXDUW]DUHQLWHZKLFKDUH
SDOHJUH\VLOFUHWHV IURPWKH*HWH%DVVLQ7KH WHUP³VLOFUHWH´ LV
XVHGIRUDYDULHW\RIPRVWO\FRQWLQHQWDOVLOLFL¿FDWLRQV7KHUHDUH
WZRPDLQFDWHJRULHVRIVLOFUHWHVpedogenicVLOFUHWHZKLFKIRUPV
XQGHU VHPLDULG FRQGLWLRQV DQG H[KLELWV W\SLFDO VRLO WH[WXUHV
LOOXYLDWLRQVFROXPQDUVWUXFWXUHVHWFDQGgroundwater silcrete, 
ZKLFKIRUPVDWGHSWKVLQUHODWLRQWRJURXQGZDWHUSDWKZD\VDQG
ZDWHUWDEOH OHYHOV XQGHU VWLOO XQFOHDU JHRFKHPLFDO FRQGLWLRQV
DQG GHYHORSV W\SLFDO ³VXUIDFH PDPHORQQpH´ VXFK DV LQ WKH
)RQWDLQHEOHDX VDQGV 3DULV %DVLQ 7KLU\  1R ZRUN KDV
\HW EHHQ GRQH RQ GHWDLOHG LQYHVWLJDWLRQ RI WKHVH TXDUW]LWHV WR
DVVHVVWKHLUSHGRJHQLFFKDUDFWHU+RZHYHUDFFRUGLQJWRWKHVWXG\
RI 7KLU\  WKH 7LHQHQ TXDUW]LWHV FRXOG EH UHJDUGHG DV D
JURXQGZDWHUVLOFUHWH
 The continental sands of Erquelinnes in the Mons 
%DVLQSURYLQFHRI+DLQDXWFDNP6(RI7LHQHQDOVRFRQWDLQ
TXDUW]DUHQLWH EDQNV NQRZQ DV WKH µ%UD\ TXDUW]LWH¶ 7KHVH DUH
WKHWLPHHTXLYDOHQWVRIWKH7LHQHQTXDUW]LWH'H*H\WHU	1LMV
Figure 10DS RI %HOJLXPZLWK WKH ORFDOLVDWLRQ RI WKH FLW\ RI7LHQHQ
DQGWKHYLOODJH:RPPHUVRPDQGVXEFURSEHQHDWKWKH4XDWHUQDU\RIWKH
7LHQHQ)RUPDWLRQDFFRUGLQJWR WKHJHRORJLFDOPDSLQJUH\DURXQGWKH
city of Tienen)
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&RPSDUHGWRWKH7LHQHQTXDUW]LWHWKLVTXDUW]DUHQLWHZDV
DOVRXVHGDVDORFDOQDWXUDOEXLOGLQJVWRQHEXWRQDVPDOOHUVFDOH
,WFRQWDLQVIHZURRWWUDFHVDQGLWLVJHQHUDOO\OHVVFRPSDFWWKDQ
WKH7LHQHQTXDUW]LWH&QXGGH
 %DVHG RQ WKH OLWHUDWXUH 'H *H\WHU 	 1LMV 
%DVVOHHUDQGRQSUHYLRXVZRUNDGLIIHUHQFHLQJUDLQVL]H
H[LVWVEHWZHHQWKH:RPPHUVRPPLFURTXDUW]LWHDQGWKH7LHQHQ
TXDUW]LWHDVVRFLDWHGZLWKWKHVDPHJHRORJLFDOIRUPDWLRQ%DVVOHHU
 PHQWLRQV WKDW EDVHG RQ WKHLU SHWURJUDSKLFDO VWXG\ WKH
DYHUDJHJUDLQVL]H LQ WKHPLFURTXDUW]LWHRI:RPPHUVRPYDULHV
ODUJHO\EHWZHHQPDQGP
 $OWKRXJKWKHUHLVYHU\OLWWOHOLWHUDWXUHSHUWDLQLQJWRWKH
VRXUFLQJRITXDUW]LWHWKHUHLVRQHSDSHUE\3LWEODGRHWDO
ZKLFKUHSRUWVWKHUHVXOWVRISLORWVWXG\HIIRUWVWRGHYHORSPHWKRGV
WRSUR¿OHTXDUW]LWHDURFNW\SHWRZKLFKJHRFKHPLFDODQGRWKHU
VRXUFLQJ WHFKQLTXHV KDYH RQO\ UDUHO\ EHHQ DSSOLHG 3LWEODGR
HW DO  HYDOXDWHG LQ WKHLU VWXG\ SHWURJUDSK\ XOWUDYLROHW
ÀXRUHVFHQFH 89) ZDYHOHQJWK GLVSHUVLYH ;UD\ ÀXRUHVFHQFH
:';5) LQVWUXPHQWDO QHXWURQ DFWLYDWLRQ DQDO\VLV ,1$$
DQGLQGXFWLYHO\FRXSOHGSODVPDPDVVVSHFWURPHWU\ERWKDFLG
GLJHVWLRQ $',&306 DQG ODVHU DEODWLRQ /$,&306  DV
PHDQV WR GLIIHUHQWLDWH DPRQJ WKH GLIIHUHQW VSHFLPHQV DQG WKH
VRXUFHVWKH\UHSUHVHQW2QHVDPSOHZDVWDNHQIURPHDFKRXWFURS
DQGWKHLUVWXG\VXJJHVWVWKHUHLVSRWHQWLDOIRUSHWURJUDSK\,1$$
DQGERWKYHUVLRQVRI ,&306 WRGLVFULPLQDWH DPRQJTXDUW]LWHV
IURPGLIIHUHQWVRXUFH ORFDOLWLHV LQ WKH*XQQLVRQ%DVLQ$QRWKHU
UHFHQW ZRUN FRQFHUQLQJ FKDUDFWHUL]DWLRQ RI TXDUW]LWH DUWHIDFWV
LVWKHZRUNE\%ORPPHHWDOZHUHTXDUW]LWLFWRROVIURP
GLIIHUHQW0HVROLWKLFVLWHVLQ%HOJLXPZHUHFKDUDFWHULVHG
 ,Q WKLV SDSHU ZH DLP WR GHYHORS D PHWKRGRORJLFDO
IUDPHZRUN WR H[DPLQH RSHUDWRU LQGHSHQGHQW PHWKRGV WR
GLVWLQJXLVK EHWZHHQ D ZHOOVHOHFWHG VDPSOH IURP GLIIHUHQW
RXWFURSV 7KHUHIRUH ZH ZDQW WR H[DPLQH ZKLFK DQDO\VLV
PHWKRGRUFRPELQHGPHWKRGVFRXOGEHVXLWDEOHIRUDQREMHFWLYH
GLVFULPLQDWLRQEHWZHHQ:RPPHUVRPDQG7LHQHQTXDUW]LWHEDVHG
RQ VWUXFWXUDO DQGRU FKHPLFDO FRPSRVLWLRQ $ SHWURJUDSKLFDO
VWXG\ EDVHG RQ RSWLFDOPLFURVFRS\ FROGFDWKRGH OXPLQHVFHQFH
&/ DQG VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 FRPELQHGZLWK
HQHUJ\ GLVSHUVLYH ;UD\ DQDO\VLV ('; ZLOO EH SHUIRUPHG LQ
FRPELQDWLRQZLWKKLJKUHVROXWLRQ;UD\WRPRJUDSK\+5;&7
 7KLV VWXG\ LV DQ LPSRUWDQW ¿UVW VWHS LQ WKH RSHUDWRU
LQGHSHQGHQW VRXUFLQJ RI GLIIHUHQW TXDUW]LWH YDULHWLHV WR WKHLU
GLIIHUHQW RXWFURS ORFDWLRQV DQG WKHLU VSHFL¿F IDFLHV ZLWKLQ WKH
VDPHJHRORJLFDOIRUPDWLRQ
2. Materials
Well-selected representative samples of Tienen quartzite and 
:RPPHUVRP TXDUW]LWH ZHUH VHOHFWHG IURP WKHLU UHVSHFWLYH
RXWFURSORFDWLRQV)LJLQ2YHUODDU7LHQHQDQG:RPPHUVRP
:RPPHUVRP
7KHTXDUW]LWHRI7LHQHQLVIRXQGDVLVRODWHGEORFNV)LJ$RUDV
WKLFNOD\HUVXSWRPWKLFNQHVVZLWKDYHU\FKDUDFWHULVWLFVKDSH
NQRZQDV³VXUIDFHPDPHORQQpH´)LJ%DQGLVDOLJKWJUH\WR
JUHHQJUH\PDVVLYHFRPSDFWVWRQH/RFDOO\VRPHYHU\WKLQRSDO
OD\HUVFDQEHIRXQGDWWKHVXUIDFH7KLVVWRQHLVDYHU\KDUGDQG
FRPSDFWPDWHULDOZLWKDFRPSUHVVLYHVWUHQJWKRI1PPðDQG
chemically consists almost out of pure SiO
2

 7KH:RPPHUVRPTXDUW]LWHKDVD¿QHUJUDLQHGWH[WXUH
DQG YDULHV LQ FRORU IURP OLJKW JUH\ WR EURZQ DQG EODFN 6RPH
IUDJPHQWV FRQWDLQ D IHZ ODUJH DQJXODU TXDUW] JUDLQV ZLWK D
GLDPHWHU RI  PZKLFK DUH QRW WRXFKLQJ HDFK RWKHU DQG
DUH LPEHGGHG LQ D ¿QHJUDLQHG TXDUW] FHPHQW FRQWDLQLQJ GDUN
LPSXULWLHV2WKHUIUDJPHQWVRIWKHPLFURTXDUW]LWLF:RPPHUVRP
FRQWDLQ RQO\ ¿QHJUDLQHG TXDUW] DQG WKRVH IUDJPHQWV VWDUW WR
VKRZVRPHUHVHPEODQFHZLWKÀLQW
 7KLQVHFWLRQVIURPHDFKRIWKHVDPSOHVZHUHSUHSDUHG
XVLQJLQKRXVHWKLQVHFWLRQSUHSDUDWLRQPHWKRGVLQFOXGLQJFXWWLQJ
ZLWK D ZDWHUFRROHG VDZ DQG JULQGLQJ ZLWK VLOLFLXP FDUELGH
FDUERUXQGXPDQGSROLVKLQJRQFORWKVXVLQJDQG¿QDOO\
PGLDPRQGJHOV7KHVHPWKLFNSROLVKHG WKLQ VHFWLRQV
XQGHUZHQW SHWURJUDSKLFDO VWXG\ DQG FDWKRGROXPLQHVFHQFH
$GGLWLRQDOO\ SROLVKHG VDPSOHV ZHUH DQDO\VHG ZLWK VFDQQLQJ
HOHFWURQ PLFURVFRS\ ZLWK HQHUJ\ GLVSHUVLYH ;UD\ DQDO\VLV
6(0(';DQGIURPHDFKVDPSOHWZRVXEVDPSOHVRIGLIIHUHQW
VL]HVVDPSOHVZLWKDGLDPHWHURIDURXQGPPDQGFPZHUH
WDNHQIRUKLJKUHVROXWLRQ;UD\&7
3. Methods
3.1.Petrographical study
3HWURJUDSKLFDOUHVHDUFKRQWKLQVHFWLRQVRIWKHTXDUW]LWHRI7LHQHQ
DQG:RPPHUVRPE\RSWLFDOPLFURVFRS\DOORZVD'VWXG\RIWKH
PLQHUDORJ\DQGWKHWH[WXUHRIWKHVWRQHV)RUWKHSHWURJUDSKLFDO
GHVFULSWLRQ WKH (XURSHDQ VWDQGDUG (1  ZDV XVHG
DV D JXLGH2SWLFDOPLFURVFRS\ZDV SHUIRUPHG DW WKH*HRORJ\
GHSDUWPHQW*KHQW8QLYHUVLW\%HOJLXPXVLQJDQ2O\PSXV%+
PLFURVFRSHZLWKWRWDOPDJQL¿FDWLRQVRI[DQG[
3.2. Cathodoluminescence 
&DWKRGROXPLQHVFHQFH &/ DQDO\VLV ZDV SHUIRUPHG DW WKH
*HRORJ\GHSDUWPHQWRI WKH8QLYHUVLW\RI0RQV%HOJLXP7KH
&/XQLWXVHGLQWKLVVWXG\LVDFROGFDWKRGHHOHFWURQJXQRSHUDWLQJ
DWN9EHDPYROWDJHDQG$FXUUHQWPRGHO&,7/0N
+HOLXPZDV DGPLWWHG LQ WKH YDFXXPFKDPEHU LQVWHDG RI DLU WR
VXSSRUWWKHHOHFWURQGLVFKDUJH7KLVLPSURYHVVWDELOL]DWLRQRIWKH
HOHFWURQEHDPDQGOLPLWVKHDWHIIHFWVZKHQORQJH[SRVXUHVWLPHV
DUHUHTXLUHGW\SLFDOO\IRUWKHREVHUYDWLRQRIZHDNO\OXPLQHVFLQJ
PLQHUDOVVXFKDVTXDUW]$KLJKVHQVLWLYLW\FDPHUDDOORZVGLUHFW
REVHUYDWLRQDQGFDSWXULQJRIGLJLWDOLPDJHV2SWLFDOVSHFWURVFRS\
RI WKH &/ HPLVVLRQ ZDV SHUIRUPHG DV D VXSSRUW IRU PLQHUDO
LGHQWL¿FDWLRQDIWHU0DUVKDOO:HXVHGD&,7/&26
VSHFWURPHWHUZLWKDVSHFWUDOUHVROXWLRQRIQPDQGDGHWHFWLRQ
UDQJHRIQP
3.3. Scanning electron microscopy with energy dispersive X-ray 
analysis (SEM-EDX)
6HFRQGDU\HOHFWURQLPDJLQJRIWKH6FDQQLQJ(OHFWURQ0LFURVFRSH
-(2/ -60/9 ZDV XVHG WR DQDO\VH WKH PRUSKRORJ\
DQG WKH VXUIDFH WRSRJUDSK\ RI WKH 7LHQHQ DQG :RPPHUVRP
TXDUW]LWHZKLOH EDFNVFDWWHUHG HOHFWURQ LPDJLQJZDV DSSOLHG WR
Figure 2)RUPDWLRQRI7LHQHQ$%UD\VDQGVWRQHIURPWKH0RQV%DVLQ%
7LHQHQ4XDUW]LWHIURPWKH7LHQHQUHJLRQ
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YLVXDOLVHFRPSRVLWLRQDOFRQWUDVWLQGHWDLO6LQFHWKH6(0V\VWHP
LV HTXLSSHGZLWK DQHQHUJ\GLVSHUVLYH VSHFWURPHWHU TXDOLWDWLYH
DQG VHPLTXDQWLWDWLYH FRPSRVLWLRQDO DQDO\VLV UHVXOWV FRXOG EH
REWDLQHGDQGDQDO\VLVRIHOHPHQWDOFRPSRVLWLRQRIPDWHULDOVZDV
DFFRPSOLVKHGZLWKDKLJKVSDWLDOUHVROXWLRQ
3.4. High resolution X-ray micro-CT in combination with 
Morpho+
:KLOH SHWURJUDSKLFDO VWXG\ E\ RSWLFDO PLFURVFRS\ UHYHDOV WKH
PLQHUDORJLFDOFRPSRVLWLRQDQGWH[WXUHRIWKHVWRQHLQ';UD\
KLJKUHVROXWLRQ ;UD\ &7 UHYHDOV WKH LQWHUQDO VWUXFWXUH RI WKH
VWRQHLQGLPHQVLRQV&QXGGHHWDO;UD\WRPRJUDSK\
UHJLVWHUV WKH ;UD\ DWWHQXDWLRQ ZKLFK GHSHQGV RQ WKH LQWHUQDO
GHQVLW\ DQG DWRPLF QXPEHU RI WKH HOHPHQWV RI WKH FRQVWLWXHQW
PLQHUDOV%\PHDQVRIWKHUHFRQVWUXFWLRQVRIWZDUH2FWRSXVWKLV
GDWDLVFRQYHUWHGLQWR'FURVVVHFWLRQVWKDWDOORZ'UHQGHULQJV
RI WKH H[DPLQHG VDPSOH 9ODVVHQEURHFN HW DO D7KH LQ
KRXVH GHYHORSHG VRIWZDUH0RUSKRZDV XVHG IRU ' DQDO\VLV
9ODVVHQEURHFNHWDOE%UDEDQWHWDODQGFDOFXODWLRQ
RI WKH SRURVLW\ DQG FRQFHQWUDWLRQ RI KLJK GHQVLW\ SDUWLFOHV ,Q
DGGLWLRQWKHKLJKGHQVLW\SDUWLFOHVZHUHDQDO\VHGEDVHGRQWKHLU
VKDSH VSKHUHV EODGHV GLVFV DQG URGV DFFRUGLQJ WR 7XFNHU
DIWHU,OOHQEHUJHU7KHVKDSHRIDJUDLQLVPHDVXUHG
E\FDOFXODWLQJWKH/RQJ/LQWHUPHGLDWH,DQGVKRUW6D[HV
4. Results
4.1. Petrographical study
4.1.1. Tienen quartzite
7LHQHQTXDUW]LWHLVDTXDUW]DUHQLWHZLWKDPRUHRUOHVVXQLPRGDO
JUDLQ GLVWULEXWLRQ )LJ  ,W FRQVLVWV DOPRVW FRPSOHWHO\ RI
DQJXODU WR VXEDQJXODU HTXLGLPHQVLRQDO TXDUW] FHPHQWHG E\ D
PLFURTXDUW] FHPHQW%HVLGHV TXDUW] JUDLQV VRPH ]LUFRQ UXWLOH
DQGWRXUPDOLQHDUHUDQGRPO\GLVWULEXWHGWKURXJKRXWWKHVDPSOH
$GGLWLRQDOO\ VRPH UDQGRPO\ GLVWULEXWHG RSDTXH PLQHUDOV
RFFXU 6RPH HQULFKPHQW LQ RSDTXHPLQHUDOV7LR[LGHV RFFXUV
LQ ¿QHJUDLQHG ¿QHO\ VWUDWL¿HG DUHDV 7KHVH DUH LQWHUSUHWHG DV
LOOXYLDWLRQVWUXFWXUHVDVVRFLDWHGZLWKGHFD\HGURRWOHWV7RJHWKHU
ZLWK WKH DQJXODU PRUSKRORJ\ RI WKH LQLWLDO TXDUW] JUDLQV VHH
FDWKRGROXPLQHVFHQFHWKHVHREVHUYDWLRQVSURYLGHHYLGHQFHVIRU
WKHQRQPDULQHRULJLQRIWKHPDWHULDO
4.1.2. Wommersom quartzite
:RPPHUVRP TXDUW]LWH LV D ¿QHJUDLQHG TXDUW] DUHQLWH ZLWK
D PL[WXUH RI WZR XQLPRGDO GLVWULEXWLRQV WKH PDLQ VL]H FODVV
FRQVLVWV RI UDWKHU VPDOO ZHOOVRUWHG VXEDQJXODU TXDUW] JUDLQV
ZKLOHWKHRWKHUFODVVFRPSULVHVRIDVPDOOIUDFWLRQRIYHU\ODUJH
JUDLQVUHODWLYHWRWKHPDLQVL]H)LJ7KHZKROHKDVDTXDUW]LWLF
WH[WXUH$VLQWKH7LHQHQTXDUW]LWHVRPHRSDTXHVWUXFWXUHVFDQEH
IRXQGWKURXJKRXWWKHHQWLUHVDPSOH7KLVPLJKWEH7LR[LGHVIURP
DVLPLODUSHGRORJLFRULJLQ6XPPHU¿HOG
4.2. Scanning electron microscopy with energy dispersive X-ray 
analysis (SEM-EDX)
4.2.1. Tienen quartzite 
$6(0LPDJHRIWKHDQDO\VHGSROLVKHGVXUIDFHRI7LHQHQTXDUW]LWH
LVVKRZQLQ)LJ'HQVHPLQHUDOVDQGIRVVLOLVHGURRWVWUXFWXUHV
DUH FOHDUO\ GLVWLQJXLVKDEOH ZKLOH LQGLYLGXDO TXDUW] JUDLQV DUH
hard to characterise due to their uniform chemical composition 
WKURXJKRXWWKHDQDO\VHG]RQH('66SHFWUDRIGHQVHPLQHUDOV
ZHUH FROOHFWHG IURP WKH JURXQGPDVV 7KH VSHFWUD IRU WKH 
EULJKWHVWPLQHUDOVFRUUHODWHZLWKWKHFKDUDFWHULVWLFVSHFWUD
IRU 6L DQG =U LGHQWLI\LQJ WKHVH PLQHUDOV DV ]LUFRQV DV FRXOG
EH REVHUYHG XQGHU WKH SHWURJUDSKLF DQG FDWKRGROXPLQHVFHQFHFigure 37LHQHQ TXDUW]LWH XQGHU SODLQ OLJKW $ DQG FURVVHGSRODUL]HGOLJKW%
Figure 4:RPPHUVRPTXDUW]LWHXQGHUSODLQOLJKW$DQGXQGHUFURVVHG
SRODUL]HGOLJKW%
30 V. CNUDDE, J. DEWANCKELE, T. DE KOCK, M. BOONE, J.-M. BAELE, PH. CROMBÉ & E. ROBINSON 
PLFURVFRSH7KHRWKHUGHQVHUPLQHUDOVFDQEHLGHQWL¿HG
DVWLWDQLXPR[LGHV7L2
2

4.2.2. Wommersom quartzite
,QWKH6(0LPDJHRIWKH:RPPHUVRPTXDUW]LWH)LJWKHGHQVH
PLQHUDOVDUHVPDOOHUDSDUWIURPVRPHODUJHU7L2PLQHUDOVDQG
OHVV DEXQGDQW FRPSDUHG WR WKH 7LHQHQ TXDUW]LWH 'XH WR WKHLU
VPDOOHUVL]HDQGORZHUDEXQGDQFHRQO\PLQHUDOVLQWKHSUHSDUHG
SROLVKHGVDPSOHDUHVXLWDEOHIRUDQDO\VLVZLWK('6)LYHRIWKH
DQDO\VHGPLQHUDOVFRXOGEHLGHQWL¿HGDV7L2WZRDV]LUFRQDQG
RQO\RQHPLQHUDODVN\DQLWH
4.3. Cathodoluminescence
The cathodoluminescence (CL) characteristics of the Tienen 
TXDUW]LWH )LJ  DUH H[DFWO\ WKH VDPH DV WKDW RI:RPPHUVRP
)LJ  H[FHSW IRU WKHJUDLQ VL]H DQGGLVWULEXWLRQ ,Q DGGLWLRQ
WKH PLFURTXDUW] FHPHQW GLIIHUV ZKLFK LV QRW UHVROYHG LQ
:RPPHUVRPGXHWRWKHVPDOOJUDLQVL]H&/UHYHDOVWKHGHWULWDO
TXDUW] JUDLQV ZKLFK ZHDNO\ OXPLQHVFHQFH LQ GLIIHUHQW VKDGHV
RI EOXH EURZQ DQG OHVV IUHTXHQWO\ LQ UHG7KH VKDSHRI WKHVH
JUDLQV DSSHDUV KLJKO\ DQJXODU XQGHU&/7KH TXDUW] FHPHQW LV
OHVV OXPLQHVFHQW WKDQ WKH JUDLQV EXW EHFRPHV FOHDUO\ YLVLEOH
E\XVLQJKLJKH[SRVXUHWLPHV7KLVFHPHQWLVPDLQO\FRPSRVHG
RI PLFURTXDUW] H[KLELWLQJ D GLVWLQFWLYH UHG OXPLQHVFHQFH WKDW
JUDGXDOO\VKRZVXSDVEHDPH[SRVLWLRQLVLQFUHDVHG$QHDUOLHU
GDUNEOXHOXPLQHVFHQWFHPHQWFRQVLVWLQJRIV\QWD[LDORYHUJURZWK
IRUPVDGLVFRQWLQXRXVFRDWLQJRQWKHJUDLQV7KLVHDUOLHUFHPHQW
PD\EHLQSDUWLQKHULWHGLHLWFDPHZLWKWKHLQLWLDOTXDUW]JUDLQV
LQWKHVHGLPHQWDU\V\VWHP
 $ VPDOO DPRXQW RI EULJKWEOXH OXPLQHVFHQW PLQHUDOV
ZHUHREVHUYHGLQWKHSRUHVSDFH7KLVPLQHUDOSRVVLEO\UHSUHVHQWV
NDROLQLWHZKLFK LVFRPSDWLEOHZLWK WKHSHGRJHQLFRULJLQRI WKH
VDQGVWRQH7KLU\
 0DQ\]LUFRQVZHUHGHWHFWHGXQGHU&/7KH\GLVSOD\D
ZKLWHWRJUHHQLVKZKLWH&/ZLWKYDULDEOHLQWHQVLWLHVDQGD\HOORZ
LUUDGLDWLRQKDOR LQ WKH VXUURXQGLQJTXDUW]%HVLGHV ]LUFRQV&/
REVHUYDWLRQ DOORZHG WKH UHFRJQLWLRQRI KHDY\PLQHUDOV WKDW DUH
GLI¿FXOWWRLGHQWLI\XQGHUFODVVLFDOPLFURVFRS\VXFKDVPRQD]LWH
DSDWLWHDQGN\DQLWH.\DQLWHFRXOGEHDOVRUHSUHVHQWLQJWKHPLQHUDO
WKDW ZDV IRXQG LQ WKH 6(0(';ZKHUH DQ$OVLOLFDWHPLQHUDO
ZDV GHWHFWHG0RQD]LWH RFFXUVZLWK D W\SLFDO GDUN ROLYH JUHHQ
OXPLQHVFHQFHDQGD\HOORZRUUHGLUUDGLDWLRQKDORLQWKHDGMDFHQW
TXDUW]JUDLQDQGFHPHQWUHVSHFWLYHO\%ULJKWOXPLQHVFHQWJUDLQV
ZLWKUHGGLVKWRSLQNLVK&/ZHUHREVHUYHG7KHVHJUDLQVUHVHPEOH
WR SODJLRFODVHV EXW VSHFWURVFRS\ UHYHDOHG WKH W\SLFDO VKDUS
dual emission lines due to Cr DFWLYDWLRQ LQ WKH UHG UHJLRQ RI
WKH VSHFWUXP IHOGVSDUV VKRZ D EURDG VLQJOH HPLVVLRQ LQ WKLV
UHJLRQGXHWR)HDFWLYLDWLRQDOORZLQJLGHQWL¿FDWLRQDVN\DQLWH
5DUH DSDWLWH JUDLQV H[KLELW D EULJKW \HOORZJUHHQ OXPLQHVFHQFH
(emission at 575 due to MnDFWLYDWLRQ
4.4. X-ray micro-CT in combination with Morpho+
)URP WKH RULJLQDO TXDUW]LWH RI 7LHQHQ DQG WKH TXDUW]LWH RI
:RPPHUVRP  VPDOO VXEVDPSOHV ZLWK D GLDPHWHU RI DURXQG
PPDQG ODUJHU VXEVDPSOHV DURXQG FP VL]HZHUH WDNHQ
DQG ZHUH VFDQQHG ZLWK D UHVROXWLRQ RI UHVSHFWLYHO\  P
DQG  P$IWHU VFDQQLQJ WKH UDZ GDWD RI HDFK VFDQZDV
FRQYHUWHGLQWRUHFRQVWUXFWHGFURVVVHFWLRQV)LJE\PHDQVRI
WKHUHFRQVWUXFWLRQVRIWZDUH2FWRSXV9ODVVHQEURHFND
 The reconstructions of the 4 samples reveal a quite 
KRPRJHQHRXVPDWUL[FRQWDLQLQJGHQVHLQFOXVLRQVLQGLFDWLQJWKH
SUHVHQFHRIPLQHUDOVZLWKDKLJKHUDWWHQXDWLRQIRU;UD\V0RUH
KLJKO\DWWHQXDWLQJPLQHUDOVDUHSUHVHQWLQWKH7LHQHQVDPSOHWKDQ
LQWKH:RPPHUVRPVDPSOH$IWHUUHFRQVWUXFWLRQ'YROXPHVRI
Figure 5 ,PDJHRIDQDUHDRI[PPRI WKH7LHQHQTXDUW]LWH
ZKLFKZDVDQDO\VHGZLWKHQHUJ\GLVSHUVLYHVSHFWURVFRS\('6
Figure 6$QDUHDRI[PPRIWKH:RPPHUVRPTXDUW]LWHZDV
DQDO\VHGZLWKHQHUJ\GLVSHUVLYHVSHFWURVFRS\('6
Figure 8&/LPDJHRI:RPPHUVRPTXDUW]LWH
Figure 7&/LPDJHRI7LHQHQTXDUW]LWH
STRUCTURAL AND CHEMICAL STUDY OF TWO QUARTZITE VARIETIES 31
WKHVFDQQHGVDPSOHVZHUHUHQGHUHG)LJ)LJ$UHSUHVHQWV
the 3D rendered volume of the small Tienen (top) and the 
:RPPHUVRPERWWRPVXEVDPSOHZKLOHLQ¿JXUH%WKHYLUWXDO
UHPRYDORIWKHPDWUL[ZDVSHUIRUPHGYLVXDOLVLQJWKHORFDOL]DWLRQ
RI WKHGHQVH LQFOXVLRQVZKLFK DUHKLJKO\ DWWHQXDWLQJPLQHUDOV
,QDGGLWLRQ)LJVKRZVDODUJHUUHQGHUHGVXEYROXPHRIERWK
TXDUW]LWHV 7KH 7LHQHQ TXDUW]LWH WRS FOHDUO\ GHPRQVWUDWHV LWV
GHQVH FRQFHQWUDWLRQ RI KLJKO\ DWWHQXDWLQJ PLQHUDOV )RU ERWK
VDPSOHVLQWKH¿JXUHVWKHVDPHFOLSYDOXHZDVXVHG,QWKLVZD\
WKHVDPHTXDQWLW\RIPDWUL[ZDVYLUWXDOO\UHPRYHGDOORZLQJXVWR
FRPSDUHERWKYROXPHVLQDQXQDPELJXRXVZD\
 $OWKRXJK QR GLUHFW FKHPLFDO LQIRUPDWLRQ RI WKH
GLIIHUHQWPLQHUDOVLVJLYHQZLWK;UD\&7WKHDWWHQXDWLRQRIWKH
PLQHUDOVLVDQLQGLFDWRUIRULWVGHQVLW\DQGWKHDWRPLFFRPSRVLWLRQ
7KHWKHRUHWLFDOOLQHDUDWWHQXDWLRQFRHI¿FLHQWDVDIXQFWLRQRIWKH
HQHUJ\IRUWKHPLQHUDOVDQDO\VHGZLWKRSWLFDOPLFURVFRS\6(0
(';DQG&/LVJLYHQLQ)LJ7KLV¿JXUHLOOXVWUDWHVWKDWWKH
PLQHUDOVZLWKWKHKLJKHVW;UD\DWWHQXDWLRQDUH]LUFRQDQGUXWLOH
)RU WKH7L2
2
PLQHUDOV DQDWDVHEURRNLWH DQG UXWLOH UHVSHFWLYHO\
ZLWKDQDYHUDJHGHQVLW\RIDQGWKHPLQHUDOVZLWKWKH
ORZHVWGHQVLW\ZLOOKDYHWKHORZHVWWKHRUHWLFDOOLQHDUDWWHQXDWLRQ
FRHI¿FLHQW DQG WKH RQH ZLWK WKH KLJKHVW GHQVLW\ ZLOO KDYH WKH
KLJKHVWWKHRUHWLFDOOLQHDUDWWHQXDWLRQFRHI¿FLHQW+RZHYHURQWKH
EDVLVRI&7LPDJHV LWZLOOEHYHU\GLI¿FXOW WRGLVWLQJXLVKUXWLOH
IURPDQDWDVHRUEURRNLWH%\PHDQVRI5DPDQVSHFWURVFRS\WKLV
FRXOGKRZHYHUEHFODUL¿HG2KVDNDHWDO+RZHYHU WKH
TiO
2 
PLQHUDOVDUHPRVWOLNHO\WREHUXWLOHVLQFHWKLVLVWKHPRVW
DEXQGDQWVSHFLHVLQGHWULWDOJUDLQDVVHPEODJHV
 Each reconstructed data-set of the scanned samples 
ZDV DQDO\]HG LQGLYLGXDOO\ WR REWDLQ TXDQWLWDWLYH LQIRUPDWLRQ
DERXW WKH DEXQGDQFHRI WKHGHQVHJUDLQV DQG WKHLU GLVWULEXWLRQ
7KHPHDVXUHPHQWV RI WKH JUDLQ VL]H DQG WKHLU RULHQWDWLRQZHUH
RQO\ SHUIRUPHG RQ WKH KLJKHVW UHVROXWLRQ VFDQV RI WKH VPDOOHU
VXEVDPSOHVVLQFHWKRVHREWDLQHGDKLJKHUUHVROXWLRQ
 %\SHUIRUPLQJ¿UVWVRPHELQDU\RSHUDWLRQVWKHYROXPH
RI LQWHUHVW RI HDFK VDPSOH ZDV VHOHFWHG E\ GXDO WKUHVKROGLQJ
7KH DYHUDJH JUH\ YDOXH LQVLGH WKH YROXPH RI LQWHUHVW 
PPñ RI WKH VPDOO 7LHQHQ VXEVDPSOHZDV    ZKLOH
WKLV ZDV    IRU WKH VPDOO :RPPHUVRP VXEVDPSOH
7KLV DYHUDJH JUH\ YDOXH LV LQÀXHQFHG E\ WKH YROXPH RI GHQVH
LQFOXVLRQV DQG WKHLU FRPSRVLWLRQDVZHOO DV WKH FRPSRVLWLRQRI
WKHPDWUL[7KHUHIRUHWKHVHYROXPHVRILQWHUHVWZHUHWKUHVKROGHG
LQRUGHU WRTXDQWLI\RQO\ WKHGHQVH LQFOXVLRQV:KHQDQDO\VLQJ
WKHGHQVHPLQHUDOVVHYHUDOPLQHUDOVZLWKDGLIIHUHQWDWWHQXDWLRQ
YDOXH FRXOG EH GLVWLQJXLVKHG )LJ  7KH WRWDO DPRXQW RI
KLJKO\DWWHQXDWLQJPLQHUDOV LQ WKH7LHQHQVDPSOHZDVIRU
WKH ODUJHU VDPSOHDQGIRU WKH VPDOOHU VDPSOH7KH ODUJH
:RPPHUVRPVDPSOHFRQWDLQHGKLJKDWWHQXDWLQJPLQHUDOV
DQGWKHVPDOORQH7KHGLIIHUHQFHLQDEXQGDQFHEHWZHHQ
WKHVPDOODQGODUJHVDPSOHVFDQEHH[SODLQHGE\DGLIIHUHQFHLQ
UHVROXWLRQXVHGFRPELQHGZLWKWKHIDFWWKDWQDWXUDOVWRQHKDYHD
QDWXUDOKHWHURJHQHLW\DQGPRUHVPDOOVDPSOHVVKRXOGEHDQDO\VHG
LQRUGHUWRREWDLQDUHSUHVHQWDWLYHYROXPHHOHPHQW)RUWKHKLJK
UHVROXWLRQVFDQVRQ WKHVPDOO VXEVDPSOHV WZRJURXSVRIGHQVH
PLQHUDOVFRXOGEHLGHQWL¿HG%\FRPELQLQJWKHGDWDRIWKHOLQHDU
DWWHQXDWLRQ FRHI¿FLHQW ZLWK WKH FKHPLFDO LQIRUPDWLRQ DQG WKH
Figure 9 5HFRQVWUXFWHG
cross-section of the small 
7LHQHQ VXEVDPSOH $ DQG
the small Wommersom 
VXEVDPSOH%
Figure 10$ ' UHQGHUHG
volume of the small Tienen 
(top) and Wommersom 
ERWWRP VXEVDPSOHV %
3D rendered volume of 
the dense inclusions inside 
the small Tienen (top) and 
:RPPHUVRP ERWWRP
VXEVDPSOH
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LQIRUPDWLRQ REWDLQHG E\ RSWLFDOPLFURVFRS\&/ DQG6(0 WKH
JURXSZLWK WKHKLJKHVWDWWHQXDWLRQFDQEH LGHQWL¿HGDV]LUFRQV
ZKLOHWKHOHVVGHQVHPLQHUDOVDUH7LR[LGHV6RPHRWKHUPLQHUDO
SKDVHV DUH SUHVHQW LQ WKH &7 LPDJHV ZLWK D VOLJKWO\ KLJKHU
DWWHQXDWLRQ WKDQ WKHTXDUW]PDWUL[DQGD ORZHUDWWHQXDWLRQ WKDQ
the TiO
2
7KHVHPLQHUDOVFDQEHLGHQWL¿HGDVWRXUPDOLQHDSDWLWH
DQGN\DQLWHEDVHGRQWKHLQIRUPDWLRQRIWKH6(0(';&/DQG
RSWLFDO PLFURVFRS\:KHQ DQDO\VLQJ WKH ]LUFRQ PLQHUDOV WKH\
ZHUH LGHQWL¿HG HLJKW WLPHVPRUH LQ WKH7LHQHQ VXEVDPSOH WKDQ
LQWKH:RPPHUVRPVXEVDPSOH:KLOHIRUWKH7LR[LGHVWKLVLVD
IDFWRURIPRUH
 The mean equivalent diameter of the zircons is more or 
OHVVVLPLODUPPIRUWKHVPDOO7LHQHQVXEVDPSOH
DQGPPIRUWKHVPDOO:RPPHUVRPVXEVDPSOH
ZLWK DPD[LPXPHTXLYDOHQW GLDPHWHU RI P DQG 
P UHVSHFWLYHO\ 7KH PHDQ PD[LPXP RSHQLQJ RI WKH ]LUFRQV
LV DOVR FRPSDUDEOH P P IRU WKH VPDOO7LHQHQ
VXEVDPSOHDQGPPIRUWKHVPDOO:RPPHUVRP
VXEVDPSOH UHVSHFWLYHO\ ZLWK IRU ERWK VDPSOHV D PD[LPXP
LQVFULEHGGLDPHWHURIPIRUWKHODUJHVW]LUFRQ
 7KHPHDQHTXLYDOHQWGLDPHWHURIWKH7LR[LGHVLV
PPIRUWKHVPDOO7LHQHQVXEVDPSOHDQGP
PIRUWKHVPDOO:RPPHUVRPVXEVDPSOHZLWKDPD[LPXP
HTXLYDOHQWGLDPHWHURIPDQGPUHVSHFWLYHO\
7KHPHDQPD[LPXPRSHQLQJ RI WKHVHPLQHUDOV LV P
P IRU WKH VPDOO7LHQHQ VXEVDPSOHDQGP
PIRUWKHVPDOO:RPPHUVRPVXEVDPSOH7KHODUJHVWLQVFULEHG
GLDPHWHU LQVLGH 7LR[LGHV ZDV  P IRU WKH VPDOO 7LHQHQ
VXEVDPSOHDQGPIRUWKHVPDOO:RPPHUVRPVXEVDPSOH
 $OOGHQVHPLQHUDOV]LUFRQV7LR[LGHVZHUHDQDO\VHG
WRJHWKHUDVDJURXSDVZHOODQGLQJHQHUDOWKHLUDYHUDJHHTXLYDOHQW
GLDPHWHUZDVKLJKHUIRUWKHVPDOO7LHQHQVXEVDPSOHWKDQIRUWKH
VPDOO :RPPHUVRP VXEVDPSOH 7KH RULHQWDWLRQ RI WKH ODUJHVW
JUDLQVZLWKDQHTXLYDOHQWGLDPHWHUODUJHUWKDQYR[HOVDSSHDUV
WREHUDQGRP,Q)LJWKHYROXPHRIWKHGHQVHPLQHUDOVZLWKD
FHUWDLQPD[LPXPRSHQLQJGLYLGHGE\WRWDOYROXPHRIWKHREMHFW
LVSORWWHGDJDLQVW WKHPD[LPXPRSHQLQJRI WKHGHQVHPLQHUDOV
7KHGHQVHPLQHUDOVDUHPRUHDEXQGDQWDQGODUJHULQVL]HLQWKH
7LHQHQVDPSOHVFRPSDUHGWRWKH:RPPHUVRPVDPSOHV,QERWK
:RPPHUVRP DQG 7LHQHQ VDPSOHV KRZHYHU WKHUH LV D VKLIW
WRZDUGV D ODUJHU DYHUDJHPD[LPXPRSHQLQJ RI GHQVHPLQHUDOV
LQORZHUUHVROXWLRQVFDQVODUJHUVDPSOHV'XHWRWKHGLIIHUHQFH
in resolution, analysis of size and shape of the minerals needs 
WR EH SHUIRUPHGRQ WKH VPDOOHU VDPSOHV DW KLJK UHVROXWLRQ%\
FRPSDULQJWKHVFDQVDWORZHUDQGDWKLJKHUUHVROXWLRQLWVHHPV
SRVVLEOHWRGLVFULPLQDWH7LHQHQDQG:RPPHUVRPEDVHGXSRQWKH
QXPEHURIGHQVHPLQHUDOLQFOXVLRQV LQGHSHQGHQWRIWKHVDPSOH
VL]HDQGUHVROXWLRQ&RQFHUQLQJWKHVKDSHDQDO\VLVIRXUGLIIHUHQW
Figure 11 $ ' UHQGHUHG
YROXPH RI WKH ODUJH 7LHQHQ
(top) and Wommersom 
ERWWRP VDPSOH % '
rendered volume of the dense 
LQFOXVLRQV LQVLGH WKH ODUJH
Tienen (top) and Wommersom 
ERWWRPVDPSOH

Figure 12 /LQHDU DWWHQXDWLRQ FRHI¿FLHQW RI WKH PDLQ PLQHUDOV LQ WKH
quartzite of Tienen and Wommersom

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Figure 13*UDSKRIWKHDQDO\VHGGHQVHPLQHUDOVLQVLGHWKH:RPPHUVRP
and the Tienen quartzite, derived from CT analysis
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FODVVHVVSKHUHVGLVFVURGVDQGEODGHVZHUHWDNHQLQWRDFFRXQW
(DFKGHQVHJUDLQZDVSORWWHGRQDGLDJUDPDFFRUGLQJWR7XFNHU
7KHVKDSHLQGH[6,/AZDVSORWWHGDJDLQVWWKHGLVF
URG LQGH[ /,/6 6XEJURXSV ZHUH REWDLQHG IRU H[WUHPH
PLGGOH DQG FRPSDFW VKDSHV7KH UHVXOWV IRU ERWK:RPPHUVRP
DQG7LHQHQDUHUHSUHVHQWHGLQ)LJ,WLVFOHDUO\YLVLEOHWKDWIRU
WKH7LHQHQTXDUW]LWH OHIWPRUHGHQVHPLQHUDOVZHUHPHDVXUHG
WKDQIRUWKH:RPPHUVRPTXDUW]LWHOHIW7KHDPRXQW
RIHDFKVKDSHFODVVLVJLYHQLQ7DEOH)RUWKH7LHQHQTXDUW]LWH
RIWKHGHQVHJUDLQVDUHVSKHUHVDUHGLVFVDUHEODGHV
DQGDUHURGV,QFDVHRIWKH:RPPHUVRPTXDUW]LWH
RIWKHGHQVHPLQHUDOVDUHVSKHUHVDUHGLVFVDUHEODGHV
DQGDUHURGV1RH[WUHPHVKDSHVDUHSUHVHQWLQWKH7LHQHQ
TXDUW]LWHZKLOHLQVLGHWKH:RPPHUVRPTXDUW]LWHVRPHH[WUHPH
VKDSHGJUDLQVDUHYLVLEOH)LJ,QFDVHRI WKH:RPPHUVRP
WKHDYHUDJHGLVFURGLQGH[LVDQGIRU:RPPHUVRP
7KHDYHUDJHVKDSHLQGH[RI7LHQHQLV
DQGIRU:RPPHUVRP
5. Discussion and conclusion
7KLVVWUXFWXUDODQGFKHPLFDOSUHOLPLQDU\VWXG\RIWZRTXDUW]LWH
varieties, the Tienen and the Wommersom quartzite, demonstrated 
WKDW ERWK D FKHPLFDO DV ZHOO DV D VWUXFWXUDO GLIIHUHQFH FDQ EH
GHWHFWHGEHWZHHQERWK7KHVHOHFWHGVDPSOHZHUHUHSUHVHQWDWLYH
IRU WKHVH YDULHWLHV DQG GHVSLWH DVVHVVLQJ MXVW RQO\ D IHZZHOO
VHOHFWHG VDPSOHV WKLV VWXG\ LQGLFDWHG WKDW HDFK VDPSOH ZDV
GLVWLQJXLVKDEOH7KHGLIIHUHQWWHFKQLTXHVHPSOR\HGLQWKLVVWXG\
SURYLGH WKH LQLWLDO IRXQGDWLRQ IRU IXUWKHUZRUN WKDWQHHGV WREH
performed on multiple sample in order to estimate the variance 
RI WKH UHVXOWV LQ HDFK RI WKH VHOHFWHG YDULHWLHV+RZHYHU WKHUH
DUHVRPHIHDWXUHVZKLFKDUHUHDOO\DPHWKRGIRUFKDUDFWHUL]DWLRQ
7KH SHWURJUDSKLFDO VWXG\ UHYHDOV WKDW ERWK VDPSOHV VKRZ D
GLVWLQFW JUDLQ VL]H GLVWULEXWLRQ 7LHQHQ TXDUW]LWH KDV D ODUJHU
DYHUDJH JUDLQ VL]H ZLWK D PRUH XQLPRGDO GLVWULEXWLRQ ZKLOH
:RPPHUVRPTXDUW]LWH KDV D VPDOOHU DYHUDJH JUDLQ VL]HZLWK D
ELPRGDOGLVWULEXWLRQ7KLVLV LQFRUUHVSRQGHQFHZLWK'H*H\WHU
ZKRPHQWLRQHGWKDWWKH:RPPHUVRPTXDUW]LWHLV
D ORFDO¿QHJUDLQHG IDFLHVFRPSDUHG WR WKHFRDUVHUJUDLQ IDFLHV
RIWKH7LHQHQTXDUW]LWH1RWHWKDWWKHODUJHVL]HGTXDUW]IUDFWLRQ
IURPWKLVELPRGDOGLVWULEXWLRQLVODUJHUWKDQJUDLQIUDFWLRQVIURP
WKH7LHQHQTXDUW]LWHLQFRQWUDVWWRWKHVPDOOHURYHUDOOJUDLQVL]HRI
WKH:RPPHUVRPTXDUW]LWH
 &/ UHYHDOV WKH SUHVHQFH RI IHOGVSDUV ZKLFK FDQQRW
EH GLVWLQJXLVKHG E\ QRUPDO RSWLFDO PLFURVFRS\ GXH WR ODFN RI
WZLQQLQJ)XUWKHUPRUHWKLVWHFKQLTXHIDFLOLWDWHVWKHUHFRJQLWLRQ
RIPLQHUDOVVXFKDVDSDWLWH]LUFRQVDQGN\DQLWH,QRUGHUWRGRXEOH
FKHFNWKHSUHVHQFHRINDROLQLWHGHWHFWHGE\&/;5'VSHFWUDFDQ
EHPDGH([FHSWIRUWKHJUDLQVVL]HDQGWKHLUGLVWULEXWLRQZKLFK
LVDOVRDFFHVVLEOHZLWKRWKHUPHWKRGVOLNHRSWLFDOPLFURVFRS\RU
;UD\&7WKH&/UHVXOWVZHUHH[DFWO\WKHVDPHIRUERWKH[DPLQHG
VDPSOHV
 6(0(';PHDVXUHPHQWVFOHDUO\VKRZWKDWWZRKHDY\
PLQHUDO SKDVHV DUH RPQLSUHVHQW LQ ERWK WKH 7LHQHQ DQG WKH
:RPPHUVRPVDPSOH7KHVHPLQHUDOSKDVHVFRXOGEH LGHQWL¿HG
as TiO
2
 DQG DV ]LUFRQ ZKHUH LQ ERWK TXDUW]LWHV 7L2
2
 is more 
DEXQGDQWWKDQ]LUFRQ7KHUHLVDODUJHGLVFUHSDQF\LQWKHDPRXQW
of heavy minerals in Tienen quartzite compared to Wommersom 
TXDUW]LWHZKLFKLVQRWLFHDEO\KLJKHULQWKH7LHQHQTXDUW]LWH
 7KH ;UD\ &7 LPDJHV FRXOG QRW UHYHDO WKH DYHUDJH
JUDLQVL]HRIWKHTXDUW]PLQHUDOVFRPSDUHGWRRSWLFDOPLFURVFRS\
DQG&/+RZHYHULQWKH;UD\&7LPDJHWKHKHDY\PLQHUDOVFDQ
EH FOHDUO\ GLVWLQJXLVKHG GXH WR WKHLU KLJKHU ;UD\ DWWHQXDWLRQ
FRPSDUHG WR WKH VXUURXQGLQJ 6L2
2
 PDWUL[ 7ZR GLIIHUHQWO\
DWWHQXDWLQJ PLQHUDO SKDVHV WKDW FDQ EH LGHQWL¿HG DV 7L2
2
 and 
]LUFRQVXSSRUWHGE\WKH6(0(';LQIRUPDWLRQZHUHTXDQWL¿HG
In order to determine if this is due to the difference in outcrop or 
GXH WR LQWHUQDO KHWHURJHQHLW\RI WKH VWRQHPXFKPRUH VDPSOHV
VKRXOGEH WHVWHG7KLV DQDO\VLVPHWKRG LVRSHUDWRU LQGHSHQGHQW
DQG FRXOG EH YHU\ SUDFWLFDO LQ GDLO\ SUDFWLFH VLQFH LW LV DOVR D
QRQGHVWUXFWLYHPHWKRG7KH SORW RI WKH GLVFURG LQGH[ DJDLQVW
WKHVKDSHLQGH[EDVHGRQWKH;UD\&7LPDJHVLVDOVRDXVHIXO
RSHUDWRULQGHSHQGHQWSDUDPHWHU)RUWKH:RPPHUVRPDQG7LHQHQ
TXDUW]LWHRQO\WKHGHQVHPLQHUDOVFRXOGEHWKUHVKROGHGDQGWKXV
TXDQWL¿HG%HFDXVH WKHDPRXQWRIGHQVHPLQHUDOV LV IDU OHVV LQ
WKH:RPPHUVRPTXDUW]LWHRQO\JUDLQVZHUHPHDVXUHGLQVLGH
WKH HQWLUH VDPSOH ,Q FDVH RI WKH WZR TXDUW]LWHV QR VLJQL¿FDQW
GLIIHUHQFH FRXOG EH VHHQ IURP WKH UHVXOWV RI WKH VKDSH FODVVHV
7KHDYHUDJHVZLWKWKHLUVWDQGDUGGHYLDWLRQVDUHQRWVLJQL¿FDQWO\
GLIIHUHQWDQGWKXVWKLVSDUDPHWHUFDQQRWEHXVHGWRGLIIHUHQWLDWH
WKH:RPPHUVRPDQG7LHQHQTXDUW]LWH+RZHYHU WKLVDSSURDFK
RIGH¿QLQJIRUHDFKJUDLQDVKDSHFODVVLVYHU\XVHIXODQGFDQEH
XVHGLQDQXQDPELJXRXVZD\IRUDOONLQGRIURFNW\SHV
 The conclusion of this study revealed that each of 
WKHH[DPLQHGPHWKRGVKDVLWVSURVDQGFRQVDQGE\FRPELQLQJ
WKH GLIIHUHQW DQDO\VLV UHVXOWV LW LV SRVVLEOH WR GLVWLQJXLVK WKHVH
TXDUW]LWHV IURPRQH DQRWKHU2SWLFDOPLFURVFRS\ IRU VXUH LV DQ
LPSRUWDQWWHFKQLTXHZKHQRQHZDQWVWRSHUIRUPGHWDLOHGDQDO\VLV
RI WKHGLIIHUHQWVWRQH IDFLHV+RZHYHUZKHQUDUHDUFKHRORJLFDO
¿QGLQJV DUH REWDLQHG GHVWUXFWLYH WKLQ VHFWLRQ DQDO\VLV LV
VRPHWLPHVIDUIURPHYLGHQW7KHUHIRU;UD\&7ZDVLPSOHPHQWHG
LQWKLVVWXG\WRUHYHDOLWVSRVVLEOHYDOXHLQFKDUDFWHUL]DWLRQDQG
determination of the different quartzites in a non-destructive 
PDQQHU7KLV ODWWHU LV LPSRUWDQW JLYHQ WKDW WKLV QRQGHVWUXFWLYH
WHFKQLTXHFRXOGEHXVHGIRUVRXUFLQJRIRWKHUJHRORJLFDOPDWHULDO
DV ZHOO DV DUFKHRORJLFDO DUWLIDFW +DYLQJ QRZ HVWDEOLVKHG WKH
Figure 14 6KDSH SORW
of Tienen (left) and 
:RPPHUVRP ULJKW
Each dense mineral 
ZDV SORWWHG LQ WKH
JUDSK DFFRUGLQJ WR WKH
relation of their short 
(S), intermediate (I) and 
ORQJ/D[HV
Table 12YHUYLHZRI WKHDPRXQWRI VSKHUHVGLVFVEODGHVDQG URGV LQ
:RPPHUVRPDQG7LHQHQ$VXEGLYLVLRQRIFRPSDFWFRPPLGGOHPLG
DQGH[WUHPHH[WULVVKRZQ
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PHWKRGRORJLFDO IRXQGDWLRQ IRU GLVFULPLQDWLQJ EHWZHHQ WKHVH
GLIIHUHQWTXDUW]LWHYDULHWLHVZHPXVWQRZHPSOR\WKHVHGLIIHUHQW
LQVWUXPHQWDO WHFKQLTXHV RQ D PRUH UREXVW VDPSOH VHW LQ RUGHU
WR JHW WR WKH KHDUW RI FRQWHPSRUDU\ DUFKDHRORJLFDO TXHVWLRQV
FRQFHUQLQJ WKH VSHFL¿F ORFDWLRQV RI SURFXUHPHQW GXULQJ WKH
0HVROLWKLF SHULRG 3HUWLQHQWO\ IRU WKLV VWXG\ DVZHOO DV IRU WKH
VWXG\SHUIRUPHGE\3LWEODGRHWDO ZHFDQFRQ¿UPWKDW
SHWURJUDSK\UHPDLQVDQLPSRUWDQWEDVLFWHFKQLTXHLQFRPELQDWLRQ
ZLWKWKHFKHPLFDODQDO\VLV7KHQRQGHVWUXFWLYH+5;&7DOORZV
WKH¿UVWVWHSVWRZDUGVREWDLQLQJDQRSHUDWRULQGHSHQGHQWZD\WR
GHWHUPLQHWKHJUDLQVL]HGLVWULEXWLRQDQGFKHPLFDOFRPSRVLWLRQ
7KHSRWHQWLDOIRUDSSOLFDWLRQRI+5;&7LQDUFKDHRORJLFDOUHVHDUFK
LVYHU\SURPLVLQJ%\FRPELQLQJWKHVHOHFWHG WHFKQLTXHVPRUH
GHWDLOHGLQIRUPDWLRQFDQEHREWDLQHGDQGZLOOEHDVWHSWRZDUGV
IXWXUH UHVHDUFK WKDWZLOO IDFLOLWDWHDQRSHUDWRULQGHSHQGHQW DQG
WKXV REMHFWLYHPHWKRG WR GHWHUPLQH WRZKLFK RXWFURS D FHUWDLQ
JHRORJLFDOVDPSOHRUDUFKHRORJLFDODUWLIDFWFDQEHOLQNHG 
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